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@ A process for production of omega 9 type polyunsaturated fatty acid or a lipid containing said fatty 
acid, comprising the steps of cuituring a microorganism having an ability to produce omega 9 type 
polyunsaturated fatty acid or a lipid containing said fatty said, and recovering the omega 9 ^pe 
polyunsaturated fatty acid or the lipid containing said fatty acid. 
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The present invention provides a process for production of omega 9 type highly polyunsaturated fatty acid 
or a lipid containing said fatty acid. The fatty acid preferably contains at least two double bonds and preferably 
has 18 to 22 carbon atoms. 

It is known that omega 9 type polyunsaturated fatty acids such as mead acid, elcosadienoic acid and the 
5 lil<e are present as constituent fatty acids of tissues of an animal having essential fatty acid deficiency. However, 
since an amount of these fatty acids is very low, it is very difficult to isolate and purify them. Moreover, the 
presence of these fatty acids In the microbial field has never been known. Such type of polyunsaturated fat^ 
acids can be a precursor of S-serles leukotrlenes, and therefore biological acth/ities thereof are potentially use- 
ful. Therefore, it would be very useful to develop 
10 a process for developing a large amount of omega 9 type highly polyunsaturated fatty acids. 

Accordingly, the present aim is to provide a simple novel process for production of omega 9 type polyun- 
saturated fatty acids. 

Specifically, the present invention provides a process for production of omega 9 type polyunsaturated fatty 
acid comprising the steps of: 
15 culturing a microorganism having an ability to produce omega 9 type polyunsaturated fetty acid to pro- 

duce omega 9 type polyunsaturated fatty acid or a lipid containing omega 9 type polyunsaturated fatty acid, 
and 

recovering the omega 9 type polyunsaturated fatty acid. 
The present invention also provides a process for production of a lipid containing omega 9 type polyunsa- 
20 turated fatty acid comprising the steps of: 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid to pro- 
duce a lipid containing omega 9 type polyunsaturated fatty acid, and 

recovering the lipid containing omega 9 type polyunsaturated fatty acid. 
Further, the present inventors found that when a microorganism having an ability to produce omega 9 type 
25 polyunsaturated fatty acid is cultured in a medium supplemented with a precursor of omega 9 type polyunsa- 
turated fatty acid, for example, hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid, or an oil or fat con- 
taining said fatty acid, the productivity of omega 9 type polyunsaturated fatty add is enhanced significantly. 

Accordingly, the present Invention provides a process for production of omega 9 type polyunsaturated fatty 
acid comprising the steps of: 
30 culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid In a me- 

dium supplemented with a precursor for omega 9 type polyunsaturated fatty acid selected from the group con- 
sisting of hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid and oH or fat containing such fatty acid 
or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium in which said microorganism 
has been cultured and further culturing the microorganism to produce omega 9 type polyunsaturated fatty acid 
35 or a lipid containing omega 9 type polyunsaturated fatty acid, and 
recovering the omega 9 type polyunsaturated fatty acid. 
The present invention further provides a process for production of a lipid containing omega 9 type poly- 
unsaturated fatty acid comprising the steps of: 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid in a me- 
40 dium supplemented with a precursor for omega 9 type polyunsaturated fatty acid selected from the group con- 
sisting of hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid and oil or fat containing such fatty acid, 
or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium in which said mlcrooiganlsm 
has been cultured and further culturing the microorganism to produce a tIpkJ containing omega 9 type polyun- 
saturated fatty acid, and 
45 recovering the lipid containing omega 9 type polyunsaturated fatty acid. 

AccoixJing to a preferred aspect of the above-mentioned processes, the microorganism having an ability 
to produce omega 9 type polyunsaturated fatty acid has A5 desaturation activity and A6 desaturaiton activity, 
and has reduced or lost A12 desaturation activity. In another aspect of the present processes, the microor- 
ganism having an ability to produce omega 9 type polyunsaturated fatty acid has an ability to produce arach- 
50 klonic acid (ARA) and has reduced or lost A12 desaturation acthrity. 

DETAILED DESCRIPTION 

In the present Invention any microoi^anlsms having an ability to produce omega 9 type polyunsaturated 
55 fatty acid can be used. More particularly, microotganisms having A5 desaturatton activity and AS desaturation 
activity, and having reduced or lost A12 desaturation activity can be preferably used. Such microorganisms 
can be obtained, for example, by mutating a microorganism having an ability to produce ARA to generate a 
mutant having reduced or lost A12 desaturation activity. Microorganisms having an ability to produce ARA in- 
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dude those belonging to the genus Mortierella. Conidiobolus, Pythium, Phytophthora. Peniciilium, Ciadospo- 
rium, Muoor. Fusarium, Aspergillus, Rhodotorula, or Entomophthora , As microorganisms belonging to the 
genus Mortierella, there are mentioned microorganisms belonging to the subgenus Mortierella. such as Mor- 
tierella elongata, Mortierella exiqua . Mortierella hygrophila . Mortierella alpina, and the like. Microorganism 

5 usable in the present Invention, having an ability to produce ARA and having reduced or lost A12 desaturase 
activity may be obtained by mutating the microorganisms having an ability to produce ARA. 

For mutagenesis, irradiation of a microorganism with a mutagen, such as radiation (X-ray, y-ray, neutron 
or ultraviolet light), high temperature treatment, and chemical mutagens may be used. In a mutagenizing pro- 
cedure, microbial cells are suspended to an appropriate buffer, and a mutagen is added therein. The treated 

10 suspension is incubated for an appropriate time, diluted and plated on a solid medium such as agar medium 
to form colonies of mutated microorganisms. 

As chemical mutagens, all<ylating agents such as nitrogen mustard, methyl methanesuifonate (MMS), N- 
methyl -N'-nltro-N-nirosoguanidine (NTG); base analogs such as 5-bromouracil; antibiotics such as mitomycin 
C; base synthesis inhibitor such as 6-mercaptopurine; pigments such as proflavine; a certain carcinogens such 

15 as 4-nitroquinoline-N-oxlde; and others such as manganese chloride, potassium permanganese, nitrous acid, 
hydrazine, hydroxylamlne. formaldehyde, nitrofurane compounds may be mentioned. Microorganisms to be 
treated with mutagen can be vegetative cells such as mycelium or spores. 

As a mutant belonging to the genus Mortierella, Mortierella alpina SAM 1861 (FERM BP-3590) can be 
used. 

20 Omega 9 type polyunsaturated fatty acids include, for example, 6,9-OGtadecadieoic acid, 8,11-eicosadie- 

noic acid, 5,8,11-elcosatrienoic acid (mead acid). 

For culturing a mutant used In the present invention, spores, mycelium or a previously cultured precuitur 
is added to a liquid medium or solid medium. A liquid medium contains, as carbon source, glucose, fructose, 
xylose, saccharose, maltose, soluble starch, molasses, glycerol, mannitol, or the like, alone or in combination. 

25 As a nitrogen source, organic nitrogen source such as peptone, yeast extract, malt extract, meat extract, 
casamino acids, corn steep liquor or urea, and an inorganic nitrogen source such as sodium nitrate, ammonium 
nitrate, ammonium sulfate or the like can be used alone or in combination, in addition, if necessary, inorganic 
salts such as phosphates, magnesium sulfate, ferric or ferrous sulfate, cuprte sulfate or the like, and minor 
nutrient components such as vitamins may be used. 

30 Concentration of components in a culture medium should be such that it does not Inhibit the growth of mi- 

croorganism. Generally and practically, a concentration of carbon source is 0.1 to 30% by weight, preferably 
1 to 10% by weight, and a concentration of a nitrogen source is 0.01 to 5% by weight, and preferably 0.1 to 
2% by weight. Temperature for culturing is 5 to 40^C, and preferably 20 to SO^'C; and a pH value of a medium 
is 4 to 10, and preferably 6 to 9. Culturing may be aeration/agitation culturing, shaking culture, or stationary 

35 culture. Culturing is usually continued Ibr 2 to 10 days. 

in the case wherein a microorganism is cultured in a solid medium, the medium comprises wheat bran, 
rice hulls, rice bran or the like supplemented with water in an amount of 50 to 1 00% by weight retating to the 
weight of solid materials. Culturing is carried out at 5 to 40^C, preferably 20 to 30'C for 3 to 14 days, in this 
case, the medium can contain nitrogen sources, inorganic salts, and minor nutrient compounds, such as those 

40 described above. 

To accelerate an accumulation of omega 9 type polyunsaturated fatty acid, a substrate of omega 9 type 
polyunsaturated fatty acid may be added to a medium. As the substrates, hydrocarbons having 12 to 20 carbon 
atoms such as tetradecane, hexadecane and octadecane, fatty acids having 12 to 20 carbon atoms such as 
tetradecanoic acid, hexadecanoic acid and octodecanoic acid, or salts thereof, for example, sodium salt or po- 

45 tassium sal^ fatty acid esters wherein the fatty add moiety has 12 to 20 carbon atoms, for example, a lower 
alkyi ester such as methyl ester, ethyl ester or propyl ester of such a fatty acid, and a lipid containing such 
fatty acids as its components, for example, olive oil, soybean oil, palm oil, coconut oil may be mentioned. They 
are used alone or in combination. Total amount of the precureor is 0.001 to 10% by weight per culture medium, 
and preferably 0.5 to 10% by weight per culture medium. 

so The additive can be added prior to inoculation of a producer microorganism or immediately after the in- 
oculation. Alternatively, the additive can be added, after the culturing has started, to a culture medium in which 
the microorganism is growing or has been grown, followed by further culturing. Moreover, the additive can be 
added both prior to culturing and during culturing after the culturing has started, in the case the additive is 
added during culturing, the additive can be added once or more than one time, or continuously. The precursor 

55 can be the sole carbon source. 

During the culturing, lipid containing omega 9 type polyunsaturated fatty acid is Intracellularly accumulated. 
In the case a liquid medium is used, omega 9 type polyunsaturated fatty acid is then recovered by a procedure, 
for example, described in the following. 
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After the culturing, the cultured cells are recovered by a conventional solid liquid separation means, such 
as centrifugation or filtering. The cells are thoroughly washed with water, and preferably dried. The drying can 
be carried out by lyophtllzation or air drying. The dried cells are exb^cted with an organic solvent, preferably 
in a nitrogen gas flow. As an organic solvent, ether such as ethyl ether, hexane, a lower alcohol such as me- 

5 thanol or ethanol, chloroform, dichloromethane, petroleum ether, or the like can be used. Moreover, an alter- 
nating extraction with methanol and petroleum ether, or an extraction with one phase solvent of chloroform- 
met hanol-water can be successfully used. The solvent is distilled off from the extract undera reduced pressure 
to obtain a lipid containing omega 9 type polyunsaturated fatty acid in a high concentration. 

Alternatively, wet cells can be extracted with a solvent miscible with water, such as methanol or ethanol, 

10 or a mixed solvent miscible with water, comprising said solvent and water and/or other solvent. Other proce- 
dures are the same as described above for dried cells. 

The lipid thus obtained contains omega 9 type polyunsaturated fatty acid as a component of the lipid such 
as fat. Although omega 9 type polyunsaturated fatty acid can be directly isolated, preferably It is isolated as 
an ester with a lower alcohol, for example, as methyl 8,11-eicosadienate, methyl 6,9-octadecadienoate, methyl 

15 ester of mead acid and the like. The esteriflcatlon accelerates the separation of the target fatty acid from other 
lipid components, and from other fatty acids produced during the culturing. such as palmitic acid, oleic acid 
and linoleic acid (these fatty acids are also esterifled simultaneously with the esteriflcatlon of omega 9 type 
polyunsaturated fatty acid). For example, to obtain methyl ester of omega 9 type polyunsaturated fatty acid, 
the above-mentioned extract is treated with anhydrous methanol/HC^ 5 to 10%, or BFg/methanol 10 to 50% 

20 at room temperature for 1 to 24 hours. 

Methyl ester of omega 9 type polyunsaturated fatty acid is recovered preferably by extracting the above- 
mentioned treated solution with an organic solvent such as hexane, ether such as ethyl ether, ester such as 
ethyl acetate. Next, the resulting extract is dried on, for example, anhydrous sodium sulfate, and the solvent 
is distilled off preferably under reduced pressure to obtain a mixture comprising fatty acid esters. This mixture 

25 contains, in addition to methyl ester of omega 9 type polyunsaturated fatty acid, other fatty acid methyl esters, 
such as methyl palmitate, methyl stearate, methyl oleate and the like. To isolate methyl ester of omega 9 type 
highly polyunsaturated fatty acid from the mixture of these fatty acid methyl esters, column chromatography, 
low temperature crystallization, the urea-inclusion method, the liquid/liquid countercurrent chromatography 
method, and the like can be used alone or in combination. 

30 To obtain omega 9 type polyunsaturated fatty acid from the methyl ester of omega 9 type polyunsaturated 

fatty acid, the latter Is hydrolyzed with an alkali and freed omega 9 type polyunsaturated fatty acid is then ex- 
tracted with an organic solvent for example ether such as ethyl ether, ester such as ethyl acetate, or the like. 

Moreover, to recover omega 9 type highly polyunsaturated fatty acid without through methyl ester, the 
above-mentioned extracted lipid is subjected to an alkalysis (for example, with 5% sodium hydroxide at room 

35 temperature for 2 to 3 hours), and the alkal-hydrolysate is extracted and the omega 9 type polyunsaturated 
fatty acid is purified, according to a conventional procedure. 

Next, the prissent inventton is further explained by Examples. 

Example 1 

40 

2 ml of a medium (pH 6.0) containing 2% or 4% glucose and 1% yeast extract was put into a 10 ml Erlen- 
meyer flask, and autoclaved at 120**C for 20 minutes. Mortierella alpina mutant SAM 1861 was added, and 
cultured on a reciprocating shaker (110 rpm) at 12^C, 20X or 28^C for 10 days. 

After culturing the cultured cells were recovered by filtration, thoroughly washed with water and dried by 

45 a centrifuge evaporation at eO^'C for 2 hours. To the cells were added 2 ml methylene chloride and 2 ml anhy- 
drous methanol/hydrochloric acid (1 0%), and the mixture was Incubated at SO^'C for 3 hours to methyl-esterify 
fatty acids produced. The reaction mixture was extracted twice with 4 ml n-hexane and 1 ml water and the cells 
remained in the reaction mixture. The solvent was distilled off in a centrifuge evaporation at 40°C for 1 hour. 
The fatty ackJ methyl ester preparation thus prepared was analyzed by gas chromatography. The result is 

so shown In Table 1. 
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Example 2 

2.5 liters of a medium (pH 6.0} containing 2% glucose glucose and 1% yeast extract was put into a 5 liter 
jar fermentor, and sterilized at 120°C for 30 minutes. 40 ml of a precuiture of Mortierella alpina mutant SAM 
5 1861 was added, and the culturing was carried out at a temperature of 20''C, 24°C or 28''C, at an aeration rate 
of 1 wm for 7 days. Glucose was added daily at an amount of 1% per culture medium for 2 to 5 days of the 
culturing. After culturing, the ceils were treated as described In Example 1 to esterify fatty acids produced, ex- 
cept that the procedures were carried out at a scale 500 times that of Example 1 . The resulting fatty add methyl 
ester preparation was analyzed by gas chromatography. The result Is shown in Table 2. 
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The fatty acid methyl ester mixture thus obtained was separated by high performance liquid chromatog- 
raphy using a reverse column (SCie) and acetonitrile/water (85 : 15) as an eluting agent to isolate 6,9-octade- 
cadienoicacid, 8,1 1-eicosadienoic acid, and 5,8,11 -elcosatrienic acid (mead acid). The structures of these fatty 
acids were confirmed by Mass spectrum and NMR analysis. 

Example 3 

A medium (pH 6.0) containing 2% glucose, 1% yeast extract, and 0.5% precursor for omega 9 type poly- 
unsaturated fatty acid shown in Table 3 was used as described in Example 1. As a producer strain, Mortierelia 
alpina mutant SAM 1861 was used. The result is shown In Table 3. 

Table 3 







<i)9PUFA* produced 






Additives 


18 


: 2 


20 


: 2 


20 


: 3 


None additive 


0. 


.25 


0. 


.04 


0. 


. 23 


Hexadecane 


0. 


.35 


0. 


.06 


0. 


.34 


Octadecane 


0. 


.41 


0. 


.06 


0. 


.41 


Palmitic acid 


0. 


.43 


0. 


.07 


0. 


.44 


Stearic acid 


0. 


.51 


0. 


.07 


0. 


,50 


Oleic acid 


0, 


.62 


0. 


,11 


0. 


.60 


Sodiiim palmitate 


0, 


,38 


0. 


,08 


0. 


,38 


Sodium stearate 


0. 


,40 


0. 


,08 


0, 


,40 


Sodium oleate 


0. 


,53 


0, 


.09 


0. 


,52 


Methyl Palmitate 


0 . 


.48 


0. 


, 10 


0. 


.49 


Methyl stearate 


0. 


.56 


0. 


.11 


0. 


.55 


Methyl oleate 


0 


.71 


0. 


.16 


0. 


.70 


Ethyl oleate 


0 


.72 


0 


.15 


0. 


.71 


Palm oil 


0 


.49 


0 


.08 


0 


.48 


Olive oil 


0 


.52 


0 


.12 


0 


.50 


Coconut oil 


0 


.39 


0 


.07 


0 


.35 



*18 : 2; 6 , S-Octadecadienoic acid 
20 : 2; 8 , 11-Eicosadienoic acid 
20 : 3; 5 , 8 , 11-Eicosatrienoic acid (mead acid) 
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Claims 

1. A process for the production of omega 9 type polyunsaturated fatty acid comprising the steps of: 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid to 
pnDduce omega 9 type poiyunsaturated fatty add or a lipid containing onrtega 9 type polyunsaturated fatty 
acid, and 

recovering the omega 9 type polyunsaturated fatty acid. 

2. A process for the production of omega 9 type highly polyunsaturated fatty acid according to claim 1 , where- 
in the microorganism having an ability to produce omega 9 type highly poiyunsaturated fatty acid is a mi- 
croorganism having A5 desaturatlon activity and A6 desaturation activity, and having reduced or lost A12 
desaturase activity. 

3. A process for production of omega 9 type polyunsaturated fatty add according to dalm 1, wherein the 
microorganism having an ability to produce omega 9 type highly polyunsaturated fatty acid Is a microor- 
ganism having an ability to produce arachldonic acid (ARA) and having reduced or lost A12 desaturase 
activity. 

4. A process for production of omega 9 type polyunsaturated fatty acid according to claim 1, wherein the 
microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a mlcroonganism 
belonging to the genus Mortierella, 

5. A process for the production of a lipid containing omega 9 type pdyunsaturated fatty acid comprising the 
steps of: 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid to 
produce a lipid containing omega 9 type polyunsaturated fatty acid, and 

recovering the lipid containing omega 9 type polyunsaturated fatty acid. 

6. A process for production of a lipid containing omega 9 type pdyunsaturated fatty acid according to claim 
5, wherein the microorganism having an ability to produce omega 9 type pdyunsaturated fatty acid is a 
microorganism having A5 desaturation activity and A6 desaturation activity, and has reduced or lost A12 
desaturatlon activity. 

7. A process for production of a lipid containing omega 9 type pdyunsaturated fatty acid according to claim 
5, wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a 
microorganism having an ability to produce arachldonic acid, and has reduced or lost A12 desaturatton 
activity. 

8. A process for production of a lipid containing omega 9 type pdyunsaturated fatty add according to claim 
5, wherein the microorganism having an ability to produce omega 9 type pdyunsaturated fatty acid Is a 
microorganism belonging to the genus Mortierella. 

9- A process for production of omega 9 type polyunsaturated fatty add comprising the steps of: 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid in 
a medium supplemented with a precursor for omega 9 type polyunsaturated fatty add selected from the 
group consisting of hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid and oil or fat containing 
such fatty acid, or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium In which 
said microonganlsm has been cultured and further culturing the microorganism to produce omega 9 type 
polyunsaturated fatty acid or a lipid containing omega 9 type polyunsaturated fatty acid, and 
recovering the omega 9 type polyunsaturated fatly acid. 

10. A process for the production of omega 9 type polyunsaturated fatty acid according to claim 9, wherein the 
microorganism an ability to produce omega 9 type polyunsaturated fatty acid is a microorganism having 
A5 desaturation activity and A6 desaturation activity, and having reduced or lost A1 2 desaturation activity. 

11. A process for production of omega 9 type polyunsaturated fatty add according to claim 9, wherein the 
microorganism having an ability to produce omega 9 type polyunsaturated fatty acid Is a microorganism 
having an ability to produce ARA, and having reduced or lost A12 desaturatlon acth^lty. 
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12. A process for production of omega 9 type polyunsaturated fatty acid according to claim 9, wherein tlie 
microorganism liaving an ability to produce omega 9 type polyunsaturated fatty acid Is a microorganism 
belonging to the genus Mortierelia. 

5 13. A process for production of a lipid containing omega 9 type polyunsaturated fatty acid comprising the steps 
of: 

culturing a microorganism having an ability to produce omega 9 type polyunsaturated fatty acid In 
a medium supplemented with a precursor for omega 9 type polyunsaturated fatty acid selected from the 
group consisting of hydrocarbon, fatty acid, ester of fatty acid, salt of fatty acid and oil or fat containing 
io such fatty acid, or adding the precursor for omega 9 type polyunsaturated fatty acid to a medium in which 

said microoiiganism has been cultured and Hirther culturing the microorganism to produce a lipid contain- 
ing omega 9 type polyunsaturated fatty acid, and 

recovering the lipid containing <»mega 9 type polyunsaturated fatty acid. 

14. A process for production of a lipid containing omega 9 type polyunsaturated fatty add according to claim 
13, wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty ackJ is a 
microorganism having A5 desaturation activity and A6 desaturation activity, and having reduced or lost 
A12 desaturation activity, and having reduced or lost A12 desaturation acthfity. 
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15. A process for production of a lipid containing omega 9 type polyunsaturated fatty add according to claim 
13, wherein the microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a 
microorganism having an ability to produce ARA, and having reduced or lost A12 desaturation acth/ity. 



IS. A process for production of omega 9 type polyunsaturated fatty acid according to claim 13, wherein the 
microorganism having an ability to produce omega 9 type polyunsaturated fatty acid is a microorganism 
belonging to the genus Mortierelia. 
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